Background: Invasive cervical cancer (ICC) is more prevalent in HIV infected women and occurs at younger median age than in HIV negative women. Organized cervical cancer screening (CCS) is presently lacking in Nigeria, and the age at CCS is not known in this population. We sought to examine the age at CCS, the cytology outcomes and whether outcomes differ by HIV infection status in an opportunistic screening setting. Methods: Cross-sectional analysis of data on a sample of women who had received a CCS in an opportunistic screening service in Jos, Nigeria over a 10-year time period (2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016). We used logistic regression models to estimate the independent effect of patient-reported HIV and age at CCS and odds ratios for abnormal cytology outcomes adjusting for other covariates. We also assessed the correlation between median age at CCS and severity of abnormal cervical cytology outcomes. Statistical analyses were done on STATA version 14, College Station, Texas, USA.
Introduction
Even though invasive cervical cancer (ICC) is a preventable cancer, there are a half million new cases of ICC reported globally each year, with over 80% occurring in LMICs [1] . In Nigeria, over 53 million women are estimated to be at risk of ICC, and available cervical cancer screening (CCS) covers less than 9% of the population [2] . This lack of CCS availability contributes to approximately 14,000 new cases and 8000 deaths attributed to ICC every year [2] . The Global Burden of Cancer 2013 ranked ICC the 2nd most common in incidence and mortality for all cancers in Nigeria [3] .
CCS is an important health care intervention for reducing ICC incidence and mortality with substantial benefits recorded in developed countries, where organized CCS programs are available [4] [5] [6] [7] [8] [9] [10] . In Nigeria the high prevalence of HIV [11] and the lack of organized CCS programs are substantial contributing factors to the high burden of ICC. In settings where organized CCS programs are lacking, the opportunity to have a screening test depends on several factors including the availability of a screening service and system support to overcome barriers to accessing such services; patient-related factors such as risk perception for ICC, illiteracy, and lack of awareness of CCS, or lack of knowledge and access to such screening [12] [13] [14] [15] . Other important factors include cost of screening, health insurance coverage, education, perception of screening benefits and ability to overcome barriers to accessing services [13, 16] .
Since the aim of CCS is to prevent cervical cancer through identification and treatment of precancerous cervical lesions, understanding the socio-demographic factors associated with abnormal cervical cytology outcomes could provide evidence for educating women and providers on the benefits of screening, particularly in women with certain characteristics. These predictors could also guide development of country-level screening guidelines for CCS and prevention. For instance, a French healthcare database on CCS provided evidence for not starting screening before age 25 [17] , in comparison to the United States Preventive Service Task Force (USPSTF) guideline [18, 19] that recommends starting CCS at age 21.
Of particular interest are the findings from previous reports in sub-Saharan Africa that ICC is not only more prevalent in HIV infected women but occurs at a lower median age of 35 years compared to a median age of 40 years in women who are HIV negative [20] . Also, among women less than age 35, being HIV positive confers a 4fold higher risk of having ICC compared to being HIV negative [20] . Therefore, HIV infected women may benefit from CCS by screening at relatively younger ages compared to HIV seronegative. Yet data from a large CCS program in Zambia, showed that the median age at first CSS was higher in HIV seropositive women compared to HIV seronegative women, reflecting that evidence related to HIV status, CCS, and ICC is not incorporated in the implementation of CCS [21] .
In addition to the lack of an organized CCS program and poor coverage for available screening services, the age at CCS is not known in Nigeria [2] . We also do not know the effectiveness of screening in terms of the likelihood of detecting an underlying abnormal cervical cytology at the time of screening. In this paper, we sought to examine the age at CCS, the cytology outcomes and whether these outcomes differ by HIV status in an opportunistic screening setting in Nigeria.
Methods

Study design, setting and sample population
The detail of the study design, setting and sample derivation for this cross-sectional analysis has been described previously [22] . In brief, we utilized de-identified data of 14,088 women who had received a CCS at the "Operation Stop Cervical Cancer '(OSCC) Unit in, Jos, Nigeria, over a 10-year time period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . We accessed the reported age at CCS and other relevant sociodemographic variables, risk factors, self-reported HIV status and the cytology outcomes reported by the cytopathologist. The cervical Pap cytology screening outcomes were reported according to the Bethesda 2001 cytology reporting system [23] . The primary independent variable for this analysis was self-reported HIV status at the time of CCS. The key dependent variables were age at CCS and the cytology outcome (see Additional file 1 for sample derivation and the dependent variables in the analysis of this manuscript). The description of the key variables and the cytology outcomes are provided in Additional file 2.
Statistical analysis Descriptive statistics
We performed summary statistics on continuous and categorical variables of the study sample and obtained means, medians and proportions for the independent and dependent variables. We also compared the baseline characteristics of the sample with the primary outcome. The Student's t-test was used to assess differences in means of normally distributed continuous variables by HIV status. In this analysis, women who did not know their HIV status were treated as missing.
Analysis for age at CCS < 35 years as primary outcome
Since the principal exposure variable in this analysis was patient-reported HIV status, we estimated the mean age of women who received a CCS by patient-reported HIV status. We performed the Student's t-test of differences in means between two groups (mean age of women who were "HIV infected" as group 1, and mean age of women who were HIV uninfected as group 2. Based on previous literature showing that the median age at developing ICC was 35 years in HIV infected women [20] , we dichotomized the age at CCS in our sample at < 35 years and ≥ 35 years. We compared the baseline socio-demographic characteristics of the sample by age at CCS < 35 years compared to ≥35 years.
Bivariable and multivariable logistic regression model
To further understand the independent effect of patientreported HIV on the age at CCS, we performed bivariable logistic regression analysis using various demographic variables as independent variables and dichotomizing the age at CCS as either < 35 years as the primary outcome "1" or age CCS ≥ 35 years as the referent category "0". We also created dummy variables for other socio-demographic variables such as smoking, alcohol, years of completed education (< 7 years as group 1, 7-12 years as group 2 and > 12 years as group 3), history of ever been diagnosed with an STI, age at first coitus, history of vaginal infection, total lifetime number of sex partners, parity, and provider-referral. We first performed a bivariable logistic regression on each of these reported characteristics with age at CCS < 35 years as the primary outcome. We then used a multivariable logistic regression model to assess the independent predictive effect of patient-reported HIV on the likelihood of having a CCS at age < 35 years in our cervical cancer screening population. We used the backward selection method to build our final predictive model. We estimated 95% confidence intervals for each of these measures of association and corresponding p-values.
Analysis for abnormal cytology outcome at CCS as primary outcome
We estimated the relative proportions of the various categories of pap cytology outcomes at CCS reported according to the Bethesda system and the corresponding 95% CI. The median age at CCS for each of the cytology outcome categories and the corresponding interquartile range (IQR) were estimated. For analytic convenience and ease of interpretation we categorized the cytology report into three groups as follows: negative for intraepithelial lesion or malignancy (NILM) as category 1 (referent category); ASCUS and LSIL (mild cervical dysplasia) as category 2; and ASC-H, AGUS, HSIL, HSIL with suspicion for invasion (severe cervical dysplasia) as category 3. We also estimated the proportions for each of these sub-categories. We compared the baseline socio-demographic characteristics of the study sample by cervical cytology groups using the Pearson's chi square or Fisher's exact test where applicable and obtained corresponding p-values.
Bivariable logistic regression
We performed bivariable logistic regression to obtain the odds ratios of the association between baseline sociodemographic variables and abnormal cervical cytology, dummy variables were created for each of the cytology outcome categories with category 1 (NILM) as referent. We then performed separate bivariable logistic regression to estimate the likelihood of having mild cervical dysplasia (category 2) and severe cervical dysplasia (category 3) respectively at CCS for self-reported HIV and other sociodemographic characteristics in the study sample. For each of these categories, we estimated the unadjusted odds ratio, 95% CIs, and the corresponding p-values.
Multivariable logistic regression
We built a multivariable logistic regression model to assess the independent effect of self-reported HIV and other socio-demographic characteristics on the likelihood of an abnormal cervical cytology outcome report at CCS. As in the bivariable logistic regression model, we used category 1 cytology report (NILM) as referent. We then performed separate multivariable logistic regression models each for mild cervical dysplasia (category 2) and for severe cervical dysplasia (category 3). We used the backward selection method with p < 0.05 and the overall changes in the model effect to select the covariates that remain in each of the final predictive models. We estimated the 95% confidence intervals for each of these measures of association, and the corresponding p-values. The assessment of each model fit was by the Hosmer-Lemeshow goodnes's-of-fit statistical test [24] . A p-value of greater than 0.05 was considered a good model-fit.
Results
During the study period 14,054 out of the 14,088 (99.8%) women reported the age at CCS, while 14,081 (99.95%) women had cervical cytology reports. The proportion of women who screened at < 35 years was significantly higher for women who were HIV infected (51.5%) compared to women who were HIV uninfected (40.2%) (p < 0.001). The mean age at CCS for HIV infected women was 35.0 ± 7.4 years compared to 38.2 ± 10.2 years for HIV uninfected women (p-value = 0.001). The Boxplot in Fig. 1 showed a significant difference in the age at CCS for HIV infected women compared to HIV uninfected. The results of the analyses for age at CCS have been summarized in Tables 1 and 2. The baseline sociodemographic and cytology outcomes of the study sample has been published in an earlier related report and shown in Table 3 [22] . In brief, 85.7% of the study sample had NILM, while 9.7 and 4.6% had mild and severe cervical dysplasia respectively. Specifically, 4.1% (95% CI: 3.8, 4.5%) with ASCUS, 5.6% (95% CI: 5.3, 6.0) with LSIL, 1.6% (95% CI: 1.4, 1.8) with ASC-H, 0.2% (95% CI: 0.2, 0.3) with AGUS, 2.5% (95% CI: 2.3, 2.8) with HSIL, and 0.2% (95% CI, 0.2, 0.3) with HSIL with suspicion for invasion. The median age for the various cytology categories were: 36 years (IQR; 30-43) for NILM, 43 years (IQR; 36-50) for ASCUS, 45 years (IQR; 35-52) for LSIL, 47.5 years (IQR; 38-55) for ASCUS-H, 40 years (95% CI, 34-52) for AGUS, 47 years (IQR; 39-55) for HSIL, and 52 years (IQR; 43-60) for HSIL with suspicion for invasion. The scatter plot in Fig. 2 of the median age at CCS and the predicted cytology outcome category reflects a positive linear relationship between median age and severity of cytology outcome at cervical screening (r = 0.31; Adj. R 2 = 0.47; pvalue = 0.054). Self-reported HIV status was not significantly associated with mild or severe cervical dysplasia in the study sample (p-value = 0.930). The association between other socio-demographic variables with cervical cytology outcomes are displayed in Table 4 .
Unadjusted and adjusted logistic regression model of self-reported HIV and other sociodemographic variables and mild cervical dysplasia
In the unadjusted regression model, self-reported HIV infection was not significantly associated with mild cervical dysplasia (OR = 0.99; 95% CI: 0.77, 1.28). The sociodemographic factors that were significantly associated with mild cervical dysplasia were: age at CCS ≥35 years (OR = 2.83; 95% CI: 2.48, 3.24), multiparity ≥5 (OR = 1.83). One notable finding in the unadjusted model is that women with 7 or more completed years of education were significantly less likely to have mild cervical dysplasia at CCS than women with less than 7 completed years of education (7-12 years, OR = 0.68; 95% CI: 0.56, 0.84; > 12 years, OR = 0.82; 95% CI: 0.68, 0.96). These unadjusted ORs are presented in Table 5 .
In the adjusted logistic regression model including age at CCS ≥ 35, provider-referral, multiparity ≥5, history of vaginal infection and alcohol consumption, the effect of self-reported HIV infection was not significantly associated with mild cervical dysplasia (aOR = 1.04; 95% CI: 0.80, 1.36). The sociodemographic variables that were independently associated with mild cervical dysplasia were: age at CCS ≥ 35 (aOR = 2.56; 95% CI: 2.23, 2.95), multiparity ≥5 (aOR = 1.21; 95% CI: 1.08, 1.36), providerreferral (aOR = 1.75; 95% CI: 1.56, 1.98) and history of alcohol consumption (aOR = 1.38; 95% CI: 1.38; 95% CI: 1.13, 1.70). These adjusted ORs are presented in Table 5 .
Unadjusted and adjusted logistic regression model of self-reported HIV and other sociodemographic variables and severe cervical dysplasia
In the unadjusted regression model, self-reported HIV infection was not significantly associated with severe cervical dysplasia (OR = 0.93; 95% CI: 0.64, 1.35). The sociodemographic factors that were significantly associated with severe cervical dysplasia were: age at CCS ≥ 35 years (OR = 4.24; 95% CI: 3.40, 5.29), multiparity ≥5 (OR = 1.85; 95% CI: 1.58, 2.17), age at first sexual intercourse ≤22 years (OR = 1.32; 95% CI: 1.08, 1.60), providerreferral (OR = 1.27; 95% CI: 1.08, 1.49). Similar to the unadjusted model for mild dysplasia, women with 7-12 completed years or more of education were significantly less likely to have severe cervical dysplasia at CCS than women with less than 7 completed years of education (7-12 years, OR = 0.46; 95% CI: 0.34, 0.62; > 12 years, OR = 0.63; 95% CI: 0.49, 0.80). The unadjusted ORs are presented in Table 6 .
In the adjusted logistic regression model including age at CCS ≥ 35, provider-referral, multiparity ≥5, history of vaginal infection, 7-12 years of completed education, and > 12 years of completed education, the effect of selfreported HIV infection was not significantly associated with severe cervical dysplasia (aOR = 1.26; 95% CI: 0.83, 1.92). The sociodemographic variables that were independently associated with severe cervical dysplasia were: age at CCS ≥ 35 (aOR = 3.57; 95% CI: 2.74, 4.64), multiparity ≥5 (aOR = 1.27; 95% CI: 1.03, 1.56), and providerreferral (aOR = 1.34; 95% CI: 1.09, 1.64). Women with 7-12 completed years of education (aOR = 0.65; 95% CI: 0.48, 0.88), > 12 completed years of education (aOR = 0.75; 95% CI: 0.58, 0.98), and history of vaginal infection (aOR = 0.67; 95% CI: 0.53, 0.84) were significantly less likely to have severe cervical dysplasia at first CCS. These adjusted ORs are presented in Table 6 .
Discussion
The results of our analyses have contributed to our understanding of socio-demographic factors associated with utilization and cytology screening outcomes in an opportunistic CCS program in Jos, Nigeria. We found that women who had utilized the opportunistic CCS service in the population had screening at a median age of 37 years (IQR 30-45). We also found that on average, women who were HIV infected had CCS at a younger age than women who were HIV uninfected. Also, women who completed at least 7 years of education were 1.27 to 3.51 times more likely to have had CCS before age 35 than women with less education. Our study findings have significant implications for cervical cancer prevention and screening in Nigeria. The median age at CCS is relatively late at 37 years, and this is of concern for cervical cancer prevention and control given the evidence that ICC occurs at a median age of 35 years in HIV infected women, 40 years in HIV uninfected women, and 38 years in women with unknown HIV status [20] . The relatively late screening age in our sample suggests that many women may have already developed precancerous conditions of the cervix or invasive cancer at the time of CCS. This finding could also explain the high rate of advanced stage ICC with high death rates as reported in previous studies [25] [26] [27] [28] .
Related to the age at CCS, an earlier study report from a district hospital in Abuja, Nigeria's federal capital, found a mean age of 32.0 ± 6.6 years at first CCS by visual inspection with acetic acid (VIA) [29] . Compared to the mean age of 35.0 ± 7.4 years at first CCS in our study sample, the slightly lower mean age at first screening in the Abuja HIV population could partly be explained by the mode of screening using VIA, and the specific program intervention, which involved active interaction between HIV infected women receiving antiretroviral therapy and provider-initiated CCS with VIA during the intervention period [29] . VIA is technically less sophisticated than cytology-based screening which is usually done in tertiary health care facilities with cytopathologic laboratory support. Moreover, cytology-based screening methods have been shown to be more specific in detecting cervical precancer in HIV infected populations irrespective of immune status and antiretroviral treatment [30] . Overall, the findings on age at screening in our study population have broadened our knowledge and understanding of the current situation on CCS services in Nigeria and the need to leverage these data for health policy advocacy at state's and federal ministries of health to guide prevention efforts particularly the availability and access to screening either by cytology-based or "see-and-treat" by VIA as recommended by WHO for early detection and treatment of cervical precancerous conditions. We also analyzed the association between selfreported HIV and abnormal cervical cytology outcome at CCS in our study sample. We found that self-reported HIV was not significantly associated with having either mild or severe cervical dysplasia at the time of first CCS. The weak association between HIV and abnormal cervical cytology outcome could be partly explained by the wide-spread use of highly active antiretroviral therapy (HAART) in our study sample. Also, this was a crosssectional data analysis with no follow up element to ascertain the risk of incident cervical abnormalities in HIV infected compared to women who were HIV negative. However, follow up data in a US population did not find a significant difference in incident cervical dysplasia and cancer in HIV population on successful HAART [31, 32] . However, we found that women who had CCS at age ≥ 35 years were 2.6 and 3.6 times more likely to have an underlying mild and severe cervical dysplasia, respectively. The utility of HSIL for early detection of cervical cancer has been studied in older women and its sensitivity for cancer was 89% in women screened at age 40-69 and 83% in women screened at age ≥ 70 years [33] Therefore, our study findings showing a severe dysplasia rate of 4.6% and that older age is a significant predictor of underlying severe dysplasia are useful findings that could contribute to developing and implementing CCS policy and guidelines with respect to age at which to start CCS in Nigeria.
A closer assessment of the relationship between age at CCS and abnormal cervical cytology outcome showed a positive correlation between median age at CCS and the severity of underlying cervical cytologic abnormality (Fig. 2) . Though the strength of this correlation is modest with a borderline statistical significance (r = 0.31; p = 0.054 and adjusted R 2 = 0.47), the median age at diagnosis of these abnormalities and the corresponding interquartile range suggest that implementing a Nigerian CCS policy and guidelines that cover screening between age 30 and 60 years may be an effective screening recommendation. Although our data are limited to one federal academic tertiary medical institution in northern Nigeria, a subsequent cost-effectiveness analysis can characterize and add to understanding the value of extending CCS outside this age range in the Nigerian population. Such understanding is crucial in resourceconstrained settings where health insurance coverage is limited. If subsequent cost-effectiveness analysis support screening within this age range, health policy makers could implement health insurance coverage for CCS for women ages 30 to 60 in Nigeria. However, there is need to obtain more large-scale screening data across the country to increase the precision of these estimates.
Our analyses also found that multiparity ≥5 was significantly associated with mild or severe cervical dysplasia at first CCS. Specifically, women with parity ≥5 were 1.85 and 1.27 times more likely to have an underlying mild or severe cervical dysplasia, respectively, at the time of first CCS. Studies on the cofactors in cervical precancer and progression to ICC have provided evidence that women of parity 3 or more were significantly more likely to have pre-cancer compared to nulliparous women [34] . In Nigeria, according to the Nigeria Demographic Health Survey (NDHS) 2013, the national average number of births per woman is 5.5 [35] . In many settings in sub-Saharan Africa and Nigeria, women place a high premium on parity, and this socio-cultural norm amidst poor coverage for CCS services could contribute to the burden of pre-cancer and ICC [36] . Other sociodemographic characteristics such as smoking, sexually transmitted infections, life-time number of sexual partners, and age at first sexual intercourse have been identified as significant cofactors in cervical carcinogenesis [37] . These identified cofactors associated with abnormal cervical cytology outcomes at CCS further provide justification for the prioritization of CCS services targeting women with these identified characteristics, particularly in settings where resources are limited.
We also found that women who were referred by providers for CCS were 1.34 times more likely to have severe cervical dysplasia outcome compared to women who self-referred for CCS. The plausibility of this finding is not fully understood though it may be related to the role of providers in identifying women with risk factors for cervical cancer, or observing cervical abnormalities or presentation with symptoms, and offering selective referral for screening in this population. Related to this, we have previously reported that women who received provider referral were more likely to be older and have known risk factors for cervical cancer [22] . Additionally, more educated women were more likely to utilize available CCS services at relatively younger age [22] .
Our analysis further confirms the role of women's education in improving CCS utilization and outcomes. We found that completing at least 7-12 years of education significantly reduces the odds for severe cervical dysplasia by 25 to 35% compared to women who had fewer years of completed education. These findings are supported by previous studies showing the positive impact of educating women in improving cervical cancer outcomes [38, 39] . For instance, cervical cancer incidence and mortality are correlated with the sociodemographic index (SDI) of the population, with high SDI countries having a significantly lower ICC burden compared to low SDI countries [40] . In brief, the SDI ranges between 0 and 1 and is a summary indicator derived from measures of income per capita, educational attainment, and fertility [40] . An SDI of 1 represents a location with the highest observed educational attainment, the highest log income per capita, and the lowest fertility rate [40] . A previous related index, the human development index (HDI), which includes adult literacy rate and primary to tertiary education enrollment rates, has been shown to correlate inversely with incidence and mortality from ICC, with greater reductions in cervical cancer incidence in very high HDI compared to low HDI countries [41] . In Nigeria there is a wide regional disparity in median years of educational attainment, higher in the south-western states compared to the far north-east and north-western states [35] . The median years of educational attainment in the study area according to the NDHS 2013 report is 2.9 years [35] . The median years of educational attainment in our analytic sample was 13 years suggesting that only the more educated women utilized the available opportunistic CCS services and majority of the less educated in the larger population are either not aware or not able to overcome barriers to access the service. Our study therefore suggests the need for investment in developing and improving the educational status of women in our population as a social capital investment to improve cervical cancer outcomes. Added to this is the need for more cervical cancer education in low literacy communities to improve screening utilization [42] .
The strength of our study findings is related to the relatively large sample size covering a 10-year period in an opportunistic CCS in a cosmopolitan Nigerian city that also offers care to a large population of HIV infected adults in West Africa. To the best of our knowledge this is the first secondary analysis of CCS data in Nigeria that provides precise estimates of the age at CCS and the epidemiological factors associated with an underlying abnormal cervical cytology outcome. Because the women included in this analysis were self-selected having overcome barriers to accessing opportunistic CCS services, and may not be representative of the general population of women in Nigeria or West Africa, our findings are of limited external validity to other settings in Nigeria or West Africa amongst women with ongoing HIV care and amongst areas that have availability of opportunistic cervical cancer services. Also, self-reported risk factors such as age, age at first sex, life-time number of sex partners, use of condoms and HIV status is a limitation in this analysis. It is possible that some women may have concealed their HIV status and other sensitive socio-demographic information, and this could affect the internal validity of our estimates.
In conclusion, cervical cancer is a preventable cancer and organized CCS programs such as those in the industrialized nations have dramatically reduced incidence and mortality. Future research should include a focus on understanding provider and patient perspectives on the facilitators and barriers to CCS in an opportunistic screening setting using qualitative research methodology. However, our current findings could guide health policy leaders in the implementation of CCS guidelines particularly in our settings where CCS are largely opportunistic. Specifically, our findings of a relatively late age at first cervical cancer screening particularly in HIV infected women population will require a more focused effort and investment in awareness campaigns and cervical cancer education with emphasis on the benefits of starting screening at a younger age in order to maximize the overall gains of CCS as secondary preventive service for early detection and treatment of precancerous conditions. This remain an effective health service intervention for prevention of morbidity and mortality due to ICC in the population.
